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After injections of the posterior part of the lateral zone of the area dorsalis telencephali (Dip) with either horseradish peroxidase or the 
newly available carbocyanine dye DiI, efferent cells were labeled in the valvula cerebelli of the mormyrid fish, Gnathonemus petersii. This may 
be a unique connection for this group of electrosensory teleosts, since no other vertebrate has ever been reported before to have a direct 
cerebello-telencephalic projection. 
The complex brain of mormyrids has attracted the 
attention of neuroscientists for almost 150 years 3. Re- 
cently, it has been estimated that the brain weight/body 
weight ratio in mormyrid fish is similar to humans 
(1:50) 19. The extraordinary development of the valvula, 
a subdivision of the cerebel lum unique to ray-finned 
fishes, accounts for much of the large brain volume. The 
valvula cerebell i  s hypertrophied in the African mormy- 
rids to such a degree that it envelopes most of the rest of 
the brain a4. Furthermore,  the telencephalon of mormyrid 
fish ranges among the largest and most highly differen- 
t iated ones of all teleosts a3'2°. The discovery that mormy- 
rids are electrosensory 9 resulted in speculation that the 
large valvula might process electrosensory information. 
Indeed, subsequent neurophysiological a8 and neuro- 
anatomical 6a° studies on mormyrids confirmed that parts 
of the valvula are related to the electrosensory s stem. 
However,  there was no indication of a valvular projection 
to the telencephalon i these studies 6'1°. 
Data on telencephalic connections in mormyrids only 
recently became available when the afferent and efferent 
connections of many of the telencephalic subdivisions in 
Gnathonemus were investigated with the HRP and/or the 
cobalt techniques 17,21 (Rooney,  in preparat ion;  Wulli- 
mann and Northcutt,  J. Comp. Neurol., submitted). 
Fig. 1. Cross-sections through the valvula cerebelli showing (a) the 
location of a retrogradely filled cell within the inner valvular leaf 
after an injection of HRP into the telencephalon. Note the granular 
label in the cell body and axon. b: a lower power microphotograph 
of the retrogradely labelled cell (arrowheads) hown in a. Note size 
of labelled cell and its position within the intermediate layer. Lateral 
is to the left. g, granular layer; m, molecular layer; i, intermediate 
layer (containing centrally the Purkinje cell layer). Bars = 0.1 mm. 
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Fig. 2. Cross-sections through the valvula cerebelli showing (a) the labelled fiber bundles and efferent valvular cells (basal ceils and vertical 
cells, see text) in the ipsilateral valvular idges of Gnathonemus after a DiI injection into the telencephalon, b: the same section emphasizing 
the valvular histology with the fluorescent Nissl-like counterstain r -phenylenediamine. Abbreviations as in Fig. 1. Lateral is to the top. Bar 
= 0.1 mm. 
Fig. 3. Cross-section through a valvular idge of Gnathonemus showing (a) many labelled cells (lateral is to the left), and (b) one enlarged 
central cell (lateral is to the top) after a DiI injection into the telencephalon. Arrow points to the axon. Bar = 0.05 mm in a; = 0.025 mm 
in b. 
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Fig. 4, Drawings of cross-sections through the brain of Gnatho- 
nemus illustrating (A) the DiI injection site (black spot) in the 
telencephalon, and (B) the course of labelled fibers (dashes) inthe 
valvula. Squares indicate location of photomicrographs of Figs. 2, 3a 
and 3b. CA, commissura ansulata; Ce, corpus cerebelli; Dip, 
posterior part of lateral zone of area dorsalis telencephali; Din, 
medial zone of area dorsalis telencephali; g, granular layer; 1, lateral 
forebrain bundle; LI, inferior lobe of the hypothalamus; 11, lateral 
lemniscus; P, preoptic area; TL, torus longitudinalis; TO, tectum 
opticum; TS, torus semicircularis; Va, valvula cerebelli. Bar = 1 
h im.  
HRP injections, which included the posterior part of the 
lateral zone of area dorsalis telencephali (Dip; see Fig. 
4A), provided a first indication of a connection with the 
valvula, as labelled fibers could be observed entering the 
valvular peduncle (Rooney, in preparation). These la- 
belled fibers could not be observed after injections of 
HRP into more rostral telencephalic areas. 
To consolidate these preliminary findings we anesthe- 
tized specimens of Gnathonemus  with MS 222 (Sigma) 
and selectively injected Dlp with HRP (Boehringer, 
grade 1 or Sigma, grade VI). After 2-7 days the animals 
were perfused and fixed in 4% glutaraldehyde. The HRP 
was visualized according to the protocol of Ebbesson et 
al. 1 or of Hanker et al. 8. Additional anesthetized speci- 
mens were perfused and fixed in 4% paraformaldehyde 
and Dip was injected with crystals of the carbocyanine 
dye DiI (Molecular Probes, OR). The brains were then 
incubated in the fixative for 47-100 days before being 
vibratome-sectioned at 50 #m. 
Following HRP-injections into Dip, labelled fibers 
were observed in the ipsilateral cerebellar peduncle and 
a few retrogradely filled cells could be seen in many 
ridges of the inner leaf of the ipsilateral valvula (Fig. 1). 
The DiI injections into Dip not only confirmed these 
results, but revealed the full extent of the valvulo- 
telencephalic connection. In the DiI cases massive fiber 
bundles were labelled in the ipsilateral valvular peduncle 
(Figs. 2, 4B) and many large neurons were retrogradely 
labelled all along the course of these fibers (Figs. 2A, 3) 
within the inner leaf of the ipsilateral valvula. Based on 
their topological position within the valvular ridges and 
their dendritic morphology, these labelled cells probably 
include representatives of all 3 types of valvular efferent 
neurons (basal, vertical and central) described by Nieuw- 
enhuys and Nicholson 15. At the bottom of the valvular 
ridges, large basal cells can be observed, whereas more 
apicaUy smaller vertical cells are labelled (Fig. 2). Central 
cells with less regularly arranged endrites appear also to 
be labelled (Fig. 3). Labelled fibers were observed to 
cross in the commissura ansulata and to enter the 
contralateral valvular peduncle (Fig. 4B). However, no 
retrogradely abelled cells were observed in the contra- 
lateral valvula, and therefore a decision on whether these 
contralateral fibers are afferent or efferent could not be 
made. While the principal telencephalic target of the 
ascending cerebellar projection appears to be Dip, 
further studies are needed to elucidate how localized the 
valvular projection is within the telencephalon. 
In summary, the present data suggest hat mormyrids 
may be unique among vertebrates in that they possess a 
direct cerebello-telencephalic projection; as such, this 
connection has never been reported before ~6. It seems 
unlikely that the absence of a cerebello-telencephalic 
projection in previous tudies on cerebellar 4-6A°'11'19'22'23 
and telencephalic z'la connections in teleosts is due to the 
fact that different methodologies were used, as we could 
label the connection with both HRP and DiI. However, 
the application of the newly available DiI methodology 7 
allows one to trace neuronal connections in vitro for 
much longer distances than is possible with the in vivo 
techniques (HRP, cobalt, autoradiography). Therefore, 
studies in non-electrosensory teleosts with DiI should 
reveal if the cerebello-telencephalic connection is prim- 
itive for teleosts or if it is a neuroanatomical feature 
newly acquired during the evolution of electroreception 
in mormyrids. The latter possibility is suggested by both 
neuroanatomical 6 and electrophysiological TM findings in 
mormyrids which demonstrate that the cerebel lar regions 
related to electroreception are in the medial and ventro- 
lateral areas of the inner leaf of the valvula (the 
mormyromast-ampul lary  region of Finger et al.6). Many 
of the retrogradely fil led cells were found within this 
region. 
Furthermore,  it was recently argued that extensive 
port ions of the electrosensory-related n uronal circuitry 
between the telencephalon, diencephalon and cerebel lum 
in mormyrids are derived features for this group as they 
do not exist in non-electrosensory teleosts 21'23. This was 
interpreted as the neuroanatomical  consequence of the 
evolution of electroreception as a new sensory modality 
in this teleost group. The unexpected cerebello-telence- 
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phalic project ion reported here in Gnathonemus may 
have the same evolut ionary explanation. 
The functional significance of the cerebel lo-telence- 
phalic projection needs to be determined. Does the 
valvula simply provide higher order  sensory information 
to the telencephalon or does it exert some control over 
the telencephalon? Answering these questions remains 
an exciting field to be investigated. 
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